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An important research tradition in the cognitive psychology of reasoning—
called the heuristics and biases approach—has firmly established that
people’s responses often deviate from the performance considered normative
on many reasoning tasks. For example, people assess probabilities incorrectly,
they display confirmation bias, they test hypotheses inefficiently, they violate
the axioms of utility theory, they do not properly calibrate degrees of belief,
they overproject their own opinions onto others, they display illogical
framing effects, they uneconomically honour sunk costs, they allow prior
knowledge to become implicated in deductive reasoning, and they display
numerous other information processing biases (for summaries of the large
literature, see Baron, 1998, 2000; Dawes, 1998; Evans, 1989; Evans &
Over, 1996; Kahneman & Tversky, 1972, 1984, 2000; Kahneman, Slovic,
& Tversky, 1982; Nickerson, 1998; Shafir & Tversky, 1995; Stanovich, 1999;
Tversky, 1996).

It has been common for these empirical demonstrations of a gap between
descriptive and normative models of reasoning and decision making to be
taken as indications that systematic irrationalities characterize human cogni-
tion. However, over the last decade, an alternative interpretation of these
findings has been championed by various evolutionary psychologists, adapta-
tionist modellers, and ecological theorists (Anderson, 1990, 1991; Chater &
Oaksford, 2000; Cosmides & Tooby, 1992, 1994b, 1996; Gigerenzer, 1996a;
Oaksford & Chater, 1998, 2001; Rode, Cosmides, Hell, & Tooby, 1999; Todd
& Gigerenzer, 2000). They have reinterpreted the modal response in most
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of the classic heuristics and biases experiments as indicating an optimal
information processing adaptation on the part of the subjects. It is argued by
these investigators that the research in the heuristics and biases tradition has
not demonstrated human irrationality at all and that a Panglossian position
(see Stanovich & West, 2000), which assumes perfect human rationality, is the
proper default position to take.

It will be argued in this chapter that although the work of the evolutionary
psychologists has uncovered some fundamentally important things about
human cognition, these theorists have misconstrued the nature of human
rationality and have conflated important distinctions in this domain. What
these theorists have missed (or failed to sufficiently emphasize) is that defi-
nitions of rationality must coincide with the level of the entity whose opti-
mization is at issue. This admonition plays out most directly in the distinction
between evolutionary rationality and instrumental rationality—necessitated
by the fact that the optimization procedures for replicators and for vehicles
(to use Dawkins’ (1976) terms) need not always coincide. The distinction
follows from the fact that the genes—as subpersonal replicators—can
increase their fecundity and longevity in ways that do not necessarily serve
the instrumental goals of the vehicles built by the genome (Skyrms, 1996;
Stanovich, 1999). Despite their frequent acknowledgements that the condi-
tions in the environment of evolutionary adaptedness (EEA) do not match
those of modern society, evolutionary psychologists have a tendency to back-
ground potential mismatches between genetic interests and personal interests.

We will argue below that dual-process models of cognitive functioning
provide a way of reconciling the positions of the evolutionary psychologists
and researchers in the heuristics and biases tradition. Such models acknow-
ledge the domain specificity of certain modular processes emphasized by the
evolutionary psychologists. But importantly, they also posit general, inter-
active, nonautonomous, and central serial-processing operations of executive
control and problem solving that serve to guarantee instrumental rationality
by overriding the responses generated by autonomous modules when the
latter threaten optimal outcomes at the personal level.

DEBATES ABOUT THE NORMATIVE RESPONSE
IN HEURISTICS AND BIASES TASKS:
SOME EXAMPLES

The empirical data pattern that provoked our attempted reconciliation of the
positions of the evolutionary psychologists and researchers in the heuristics
and biases tradition is the repeated finding in our research (Stanovich & West,
1998a, 1998b, 1998c, 1998d, 1999, 2000) that the modal response was differ-
ent from the response given by the more cognitively able subjects. We have
related this finding to the disputes about which response is normative in
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various heuristics and biases tasks. An example is provided by the most
investigated task in the entire reasoning and problem solving literature—
Wason’s (1966) selection task. The participant is shown four cards lying on a
table; two show letters and two show numbers (A, D, 3, 8). They are told that
each card has a number on one side and a letter on the other and that the
experimenter has the following rule (of the “if P, then Q” type) in mind with
respect to the four cards: “If there is a vowel on one side of the card, then
there is an even number on the other side”. The participants are then told that
they must turn over whichever cards are necessary to determine whether the
experimenter’s rule is true or false. Performance on such abstract versions
of the selection task is extremely low (Evans, Newstead, & Byrne, 1993,
Manktelow, 1999; Newstead & Evans, 1995). Typically, less than 10 per cent
of participants make the correct selections of the A card (P) and 3 card
(not-Q)—the only two cards that could falsify the rule. The most common
incorrect choices made by participants are the A card and the 8 card
(P and Q) or the selection of the A card only (P).

Numerous alternative explanations for the preponderance of incorrect PQ
and P responses have been given (see Evans et al., 1993; Hardman, 1998;
Johnson-Laird, 1999; Liberman & Klar, 1996; Margolis, 1987; Newstead &
Evans, 1995; Oaksford & Chater, 1994; Sperber, Cara, & Girotto, 1995;
Stanovich & West, 1998a). What is important in the present context is that
several of these alternative theories posit that the incorrect PQ response
results from the operation of efficient and optimal cognitive mechanisms. For
example, Oaksford and Chater (1994, 1996; see also Nickerson, 1996) argue
that rather than interpreting the task as one of deductive reasoning (as the
experimenter intends), many people interpret it as an inductive problem of
probabilistic hypothesis testing (see Evans & Over, 1996). They show that the
P and Q response is actually the expected one if an inductive interpretation of
the problem is assumed along with optimal data selection (which they mod-
eled with a Bayesian analysis). Although their model is different, Sperber et
al. (1995} stress that selection task performance is driven by optimized cogni-
tive mechanisms. They explain selection task performance in terms of infer-
ential comprehension mechanisms that are “geared towards the processing of
optimally relevant communicative behaviors™ (Sperber et al., 1995, p. 90).

Our second example of theorists defending as rational the response that
heuristics and biases researchers have long considered incorrect is provided
by the much-investigated Linda Problem (Tversky & Kahneman, 1983):

Linda is 31 years old, single, outspoken, and very bright. She majored in philo-
sophy. As a student, she was deeply concerned with issues of discrimination and
social justice, and also participated in anti-nuclear demonstrations. Please rank
the following statements by their probability, using 1 for the most probable
and 8 for the least probable.
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(a) Linda is a teacher in an elementary school

(b) Linda works in a bookstore and takes Yoga classes
(c) Linda is active in the feminist movement

(d) Linda is a psychiatric social worker

(¢) Linda is a member of the League of Women Voters
(f) Linda is a bank teller

(g) Linda is an insurance salesperson
(h) Linda is a bank teller and is active in the feminist movement

Because alternative (h) (Linda is a bank teller and is active in the feminist
movement) is the conjunction of alternatives (c) and (f), the probability of ()
cannot be higher than that of either (¢) (Linda is active in the feminist move-
ment) or (f) (Linda is a bank teller), yet 85 per cent of the participants in
Tversky and Kahneman’s (198 3) study rated alternative (h) as more probable
than (f), thus displaying the so-called conjunction fallacy. Those investigators
argued that logical reasoning on the problem (all feminist bank tellers are
also bank tellers, so (h) cannot be more probable than (f)) was trumped
by a heuristic based on so-called representativeness that primes answers
to problems based on an assessment of similarity (a feminist bank teller
seems 1o overlap more with the description of Linda than does the alterna-
tive “bank teller”). Of course, logic dictates that the subset (feminist bank
teller)/superset (bank teller) relationship should trump assessments of
representativeness when judgements of probability are at issue,

However, several investigators have suggested that rather than illogical
cognition, it is rational pragmatic inferences that lead to the violation of the
logic of probability theory in the Linda Problem (see Adler, 1991; Dulany &
Hilton, 1991; Politzer & Noveck, 1991; Slugoski & Wilson, 1998). Hilton
(1995, p. 264) summarizes the view articulated in these critiques by arguing
that “the inductive nature of conversational inference suggests that many of
the experimental results that have been attributed to faulty reasoning may be
reinterpreted as being due to rational interpretations of experimenter-given
information”.

In short, these critiques imply that displaying the conjunction fallacy is a
rational response triggered by the adaptive use of social cues, linguistic cues,
and background knowledge (see Hilton, 1995). For example, Macdonald and
Githooly (1990, p. 59) argue that it is possible that subjects will;

- - . usually assume the questioner is asking the question because there is some
Teason to suppose that Linda might be a bank tefler and the questioner is
interested to find out if she is . . . If Linda were chosen at random from the
electoral register and “bank teller” was chosen at random from some list of
occupations, the probability of them corresponding would be very small, cer-
tainly less than 1in 100 . . . the question itself has suggested to the subjects that
Linda could be a feminist bank teller. Subjects are therefore being asked to
judge how likely it is that Linda is a feminist bank teller when there is some
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unknown reason to suppose she is, which reason has prompted the question
itself,

Hilton (1995; see Dulany & Hilton, 1991) provides a similar explanation of
subjects’ behaviour on the Linda Problem. Under the assumption that the
detailed information given about the target means that the experimenter
knows a considerable amount about Linda, then it is reasonable to think that
the phrase “Linda is a bank teller” does not contain the phrase “and is not
active in the feminist movement” because the experimenter already knows
this to be the case. If “Linda is a bank teller” is interpreted in this way, then
rating (h) as more probable than (f) no longer represents a conjunction
fallacy.

Several investigators have suggested that pragmatic inferences lead to
seeming violations of the logic of probability theory in the Linda Problem
(see Adler, 1984, 1991; Hertwig & Gigerenzer, 1999; Politzer & Noveck, 1991;
Slugoski & Wilson, 1998). Most of these can be analysed in terms of Grice’s
(1973) norms of rational communication (see Hilton & Slugoski, 2000; Sper-
ber & Wilson, 1986; Sperber et al., 1995), which require that the speaker be
cooperative with the listener—and one of the primary ways that speakers
attempt to be cooperative is by not being redundant. The key to understand-
ing the so-called Gricean maxims of communication is to realize that to
understand a speaker’s meaning the listener must comprehend not only the
meaning of what is spoken but also what is implicated in a given context
assuming that the speaker intends to be cooperative. And Hilton (1995) is
at pains to remind us that these are rational aspects of communicative
cognition. They are rational heuristics as opposed to the suboptimal short-
cuts as emphasized in the heuristics and biases literature. Thus, they are
not to be seen as processing modes that are likely to be given up for
more efficient processing modes when the stakes become high (Hilton, 1995,
pp. 265-266):

However, it is not clear why increasing the financial stakes in an experiment
should cause respondents to abandon an interpretation that is pragmatically
correct and rational . . . Incentives are not going to make respondents drop a
conversationally rational interpretation in favor of a less plausible one in the
context ... the conversational inference approach does not predict that
increased incentives lead respondents to change an interpretation that seems
rational in the context.

Clearly, in the view of these theorists, committing the conjunction fallacy in
such contexts does not represent a cognitive error.

Many theorists have linked their explanation of Linda-problem per-
formance to the automatic linguistic socialization of information. These
theorists commonly posit that the socialization tendency reflects evolutionary
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adaptations in the domain of social intelligence. This linkage stems from
many theories that, although varied in their details, all posit that much of
human intelligence has foundations in social interaction (Baldwin, 2000;
Barton & Dunbar, 1997; Brothers, 1990; Bugental, 2000; Byrne & Whiten,
1988; Caporael, 1997; Cosmides, 1989; Cummins, 1996; Dunbar, 1998;
Humphrey, 1976; Jolly, 1966; Kummer, Daston, Gigerenzer, & Silk, 1997;
Mithen, 1996; Tomasello, 1999; Whiten & Byrne, 1997).

In a seminal essay that set the stage for this hypothesis, Nicholas Hum-
phrey (1976) argued that the impetus for the development of primate intel-
ligence was the need to master the social world. Based on his observation
of nonhuman primates, Humphrey (1976) concluded that the knowledge
and information processing necessary to engage efficiently with the phy-
sical world seemed modest compared with the rapidly changing demands of
the social world. Humphrey (1976) posited that the latter was the key
aspect of the environment that began to bootstrap higher intelligence in all
primates.

This social, or interactional, intelligence forms that substrate upon which
all future evolutionary and cultural developments in modes of thought are
overlaid. That such social intelligence forms the basic substrate upon which
all higher forms of intelligence must build leads to the important assumption
that a social orientation toward problems is always available as a default
processing mode when computational demands become onerous. The cogni-
tive illusions demonstrated by three decades of work in problem solving,
reasoning, and decision making (Evans, 1989; Kahneman, Slovic, & Tversky,
1982; Kahneman & Tversky, 1996, 2000; Stanovich, 1999) seem to bear this
out. As in the Linda Problem and four-card selection task discussed above,
the literature is full of problems where an abstract, decontextualized—but
computationally expensive—approach is required for the normatively
appropriate answer. However, often, alongside such a solution, resides a
tempting social approach (“Oh, yeah, the author of this knows a lot about
Linda”) that with little computational effort will prime a response.

Since our theme has now been established with the selection-task and
Linda-problem examples, our final two examples of theorists defending
as rational the response that heuristics and biases researchers have long
considered incorrect will be described only briefly.

Covariation detection

The 2 % 2 covariation detection task is run in a variety of different formats
(Levin, Wasserman, & Kao, 1993; Stanovich & West, 1998d; Wasserman,
Dorner, & Kao, 1990). In one, for example, subjects are asked to evaluate the
efficacy of a drug based on a hypothetical well-designed scientific experiment.
They are told that:
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150 people received the drug and were cured.
150 people received the drug and were not cured.
300 people did not receive the drug and were cured.
75 people did not receive the drug and were not cured.

These data correspond to four cells of the 2 x 2 contingency table tradition-
ally labelled A, B, C, and D (see Levin et al., 1993). Subjects are asked to
evaluate the effectiveness of the drug on a scale. In this case, they have
to detect that the drug is ineffective. In fact, not only is it ineffective, it is
positively harmful. Only 50 per cent of the people who received the drug were
cured (150 out of 300), but 80 per cent of those who did nor receive the drug
were cured (300 out of 375).

Much previous experimentation has produced results indicating that sub-
Jects weight the cell information in the order cell A > cell B > cell C > cell D—
cell D receiving the least weight and/or attention (see Arkes & Harkness,
1983; Kao & Wasserman, 1993; Schustack & Sternberg, 1981). The tendency
to ignore cell D is non-normative, as indeed is any tendency to differentially
weight the four cells. The normatively appropriate strategy (see Allan, 1980;
Kao & Wasserman, 1993; Shanks, 1995) is to use the conditional probability
rule—subtracting from the probability of the target hypothesis when the
indicator is present the probability of the target hypothesis when the indica-
tor is absent. Numerically, the rule amounts to calculating the Ap statistic:
[A/(A + B)] - [C/C + D)] (see Allan, 1980). For example, the Ap value for the
problem presented above is —.300, indicating a fairly negative association.

Despite the fact that it is a nonnormative strategy, the modal subject in
such experiments underweights (sometimes markedly underweights, see
Stanovich & West, 1998d) cell D. However, Anderson (1990) has modelled
the 2 X 2 contingency assessment experiment using a model of optimally
adapted information processing and come to a startling conclusion. He dem-
onstrates that an adaptive model can predict the much-replicated finding that
the D cell (cause absent and effect absent) is vastly underweighted (but see
Over & Green, 2001) and concludes that “this result makes the point that
there need be no discrepancy between a rational analysis and differential
weighting of the cells in a 2 x 2 contingency table” (Anderson, 1990, p. 160).
Thus, here again in another task is the pattern where the modal response is
nonnormative—but that response has been defended from the standpoint of
an adaptationist analysis.

Probability matching

The probabilistic contingency experiment has many versions in psychology
(Gal & Baron, 1996; Tversky & Edwards, 1966). In one, the subjects sit in
front of two lights (one red and one blue) and are told that they are to predict
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which of the lights will be flashed on each trial and that there will be several
dozen of such trials (subjects are often paid money for correct predictions).
The experimenter has actually programmed the lights to flash randomly, with
the provision that the red light will flash 70 per cent of the time and the blue
light 30 per cent of the time. Subjects do quickly pick up the fact that the red
light is flashing more, and they predict that it will flash on more trials than
they predict that the blue light will flash. Most often, they switch back and
forth, predicting the red light roughly 70 per cent of the time and the blue
light roughly 30 per cent of the time.

This strategy of probability matching is suboptimal because it insures that,
in this example, the subject will correctly predict only 58 per cent of the time
(.7 x .7+ .3 x .3) compared with the 70 per cent hit rate achieved by predict-
ing the more likely colour on each trial. In fact, much experimentation has
indicated that animals and humans often fail to maximize expected utility in
the probabilistic contingency experiment' (Estes, 1964, 1976; Gallistel, 1990;
Tversky & Edwards, 1966). Nevertheless, Gigerenzer (1996b; see also Cooper,
1989) shows how probability matching could, under some conditions, actu-
ally be an evolutionarily stable strategy (see Skyrms, 1996, for many such
examples). Thus, we have in probability matching our final example of how
a non-normative response tendency is defended on an evolutionary or
adaptationist account.

DISSOCIATIONS BETWEEN COGNITIVE ABILITY
AND THE MODAL RESPONSE IN HEURISTICS
AND BIASES TASKS

We will argue in this chapter that, in each of these examples, evolutionary
rationality has dissociated from normative rationality—where the latter is
viewed as utility maximization for the individual organism (instrumental
rationality) and the former is defined as survival probability at the level of the
gene (Dawkins, 1976, 1982). Our conceptualization of these findings
explicitly acknowledges the impressive record of descriptive accuracy enjoyed
by a variety of adaptationist and evolutionary models in predicting the
modal response (Anderson, 1990, 1991; Gigerenzer, 1996b; Oaksford &
Chater, 1994, 1996; Rode et al., 1999), but our account attempts to make
sense of another important empirical fact—that cognitive ability often dis-
sociates from the response deemed adaptive on an evolutionary analysis

! In probability learning, or choice situations, both animals and humans generally approxi-
mate probability matching when reinforcement is delivered on variable-interval schedules.
However, things appear to be more complex when reinforcement is delivered on variable-ratio
schedules. Although humans still tend to approximate probability matching (Estes, 1964, 1976,
1984), animals often maximize (Herrnstein & Loveland, 1975; MacDonall, 1988; but see
Gallistel, 1990; Graf, Bullock, & Bitterman, 1964; Sutherland & Mackintosh, 1971).
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(Stanovich, 1999; Stanovich & West, 2000). Specifically, we have repeatedly
found that in cases where the normative response is not the modal response,
the subjects in the sample who were the highest in cognitive ability gave the
normative response rather than the modal response. This is true for each of
the four tasks described above.

For example, Table 7.1 presents the results from an investigation of ours
(Stanovich & West, 1998a) using a selection task with a nondeontic rule, the
so-called Destination rule (in this instance: If “Baltimore” is on one side of
the ticket, then “plane” is on the other side of the ticket). The table presents
the mean SAT scores for several of the dominant choices on this selection
rule (the SAT test is a test used for university admissions in the United States
that is highly loaded on psychometric g). From the table, it is clear that
respondents giving the deductively correct P and not-Q response had the
highest SAT scores, followed by the subjects choosing the P card only. All
other responses, including the modal P and Q response (chosen by 49 per cent
of the sample), were given by subjects having SAT scores almost 100 points
lower than those giving the correct response under a deductive construal. It is
to the credit of models of optimal data selection (Oaksford & Chater, 1994)
that they predict the modal response. But we are left with the seemingly
puzzling finding that the response deemed optimal under such an analysis
(PQ) is given by subjects of substantially lower general intelligence than the
minority giving the response deemed correct under a strictly deductive
mterpretation of the problem (PNQ).

A similar puzzle surrounds findings on the Linda conjunction problem.
Gricean analyses assume that those subjects committing the conjunction fal-
lacy in such a contrived problem are reflecting the evolved use of socio-
linguistic cues. Because this group is in fact the vast majority in most
studies—and because the use of such pragmatic cues and background know-
ledge is often interpreted as reflecting adaptive information processing
(Hilton, 1995)-—it might be expected that these individuals would be the
subjects of higher cognitive ability. We found the contrary. In our study

TABLE 7.1
Mean SAT total scores as a function of response given
on a selection task using the destination rule {number
of subjects in parentheses)

Response SAT score
P, NQ (correct) 1190 (24)
P 1150 (38)
All 1101 (21)
P Q 1095 (144)
P Q,NQ 1084 (14)
Other 1070 (53)
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(Stanovich & West, 1998b), we examined the performance of 150 subjects on
the Linda Problem. Consistent with the results of previous experiments on
this problem (Tversky & Kahneman, 1983), 80.7 per cent of our sample
committed the conjunction effect—they rated the feminist bank teller alter-
nattve as more probable than the bank teller alternative. However, the mean
SAT score of the 121 subjects who committed the conjunction fallacy was 82
points lower than the mean score of the 29 who avoided the fallacy. This
difference was highly significant and it translated into an effect size of .746
(which Rosenthal & Rosnow, 1991, classify as large). Thus, the pragmatic
interpretations of why the conjunction effect is the modal response on this
task might well be correct, but the modal response happens not to be the one
given by the most intelligent subjects in the sample.

Likewise, in the 2 X 2 covariation detection experiment, we have found
(Stanovich & West, 1998d) that it is those subjects weighting cell D more
equally (not those underweighting the cell in the way that the adaptationist
model dictates) who are higher in cognitive ability and who tend to respond
normatively on other tasks. Again, Anderson (1990, 1991) might well be
correct that a rational model of information processing in the task predicts
underweighting of cell D by most subjects, but more severe underweighting is
in fact associated with lower cognitive ability in our individual differences
analyses.

Finally, we found a similar pattern in several experiments on probability
matching using a variety of different paradigms (West & Stanovich,
in press). For example, in one experiment involving choices among general
strategies for approaching the probabilistic prediction task, subjects were
given the following task description:

A die with 4 red faces and 2 green faces will be rolled 60 times. Before each roll
you will be asked to predict which color (red or green) will show up once the die
is rolled. You will be given one dollar for each correct prediction. Assume that
you want to make as much money as possible. What strategy would you use in
order to make as much money as possible by making the most correct
predictions?

They were asked to choose from among the following five strategies:

Strategy A:  Go by intuition, switching when there has been too many of one
color or the other.

Strategy B:  Predict the more likely color (red) on most of the rolis but
occasionally, after a long run of reds, predict a green.

Strategy C:  Make predictions according to the frequency of occurrence (4 of
6 for red and 2 of 6 for green). That is, predict twice as many reds
as greens.

Strategy D:  Predict the more likely color (red) on all of the 60 rolls.
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Strategy E:  Predict more red than green, but switching back and forth
depending upon “runs” of one color or the other.

The probability matching strategy corresponds to Strategy C here, and the
normatively optimal strategy is Strategy D, which maximizes expected utility.
Table 7.2 presents the number of subjects choosing each of the five strategies
and their mean SAT scores. The probability matching and maximizing strat-
egies were both preferred over the three foil strategies, with the former being
the modal choice. Again, the choice defensible on evolutionary grounds
(probability matching, see Gigerenzer, 1996b), is the modal choice. But again,
as before, it is the maximizing, normatively dictated choice that is the choice
of the subjects with the highest intellectual ability. The mean SAT scores of
those choosing the maximizing choice was 55 points higher than those who
preferred probability matching (p < .001).

RECONCILING THE TWO DATA PATTERNS WITHIN
A TWO-PROCESS VIEW

We see in the results just reviewed two basic patterns that must be recon-
ciled. The evolutionary psychologists and optimal data selection theorists
correctly predict the modal response in a host of heuristics and biases tasks.
Yet in all of these cases—despite the fact that the adaptationist models pre-
dict the modal response quite well—individual differences analyses demon-
strate associations that also must be accounted for. Correct responders on
the nondeontic selection task (P and not-Q choosers—not those choosing P
and Q) are higher in cognitive ability. Despite conversational implicatures
cuing the opposite response, individuals of higher cognitive ability dis-
proportionately tend to adhere to the conjunction rule. In the 2 X 2 covaria-
tion detection experiment, it is those subjects weighting cell D more equally
who are higher in cognitive ability, Finally, subjects of higher intelligence

TABLE 7.2
Mean SAT total scores as a function of strategy choice
on a probabilistic contingency problem {number of
subjects in parentheses)

Strategy choice SAT score
Strategy A 1151 (15)
Strategy B 1163 (64)
Strategy C* 1160 (168)
Strategy D** 1215 (150)
Strategy E 1148 (48)

*=The probability matching response; **=The nor-
matively correct utility maximizing response.






